abstract BACKGROUND AND OBJECTIVES: Graduate medical education faces challenges as programs transition to the next accreditation system. Evidence supports the effectiveness of simulation for training and assessment. This study aims to describe the current use of simulation and barriers to its implementation in pediatric emergency medicine (PEM) fellowship programs.
WHAT'S KNOWN ON THIS SUBJECT: Simulationbased education is increasing but its use in pediatric emergency medicine (PEM) fellowships has not been recently documented. Previous studies identified barriers including equipment and space, but growth of simulation centers and equipment has been widespread.
WHAT THIS STUDY ADDS:
Simulation is widely used in PEM fellowships, and current barriers include faculty and learner time, implementation of best practices in simulation; equipment is less significant. Future work should focus on curriculum and evaluation development, aligning with the milestones.
Safe and effective pediatric patient care requires well-trained providers with a broad set of clinical skills. Published objective assessments of pediatric residents' and fellows' skills raise concerns about the quality of pediatric training in certain domains. [1] [2] [3] Pediatric resident and pediatric emergency medicine (PEM) fellow success at pediatric intubation has been documented at less than 50% first-attempt success. 4 Deficiencies in time-sensitive highstakes and low-frequency clinical skills have the potential to negatively impact patient outcomes (examples: cardiac arrest, intubation, trauma). Reductions in trainees exposure to these procedures have been demonstrated in pediatric residency and fellowship training programs. 5, 6 This has been attributed to reductions in the total number of pediatric critical care events, duty hour limitations, reduced tolerance for medical errors, and increased attending presence. This problem is most challenging for acute care specialty training programs such as PEM.
Simulation affords training programs opportunities for skill development in a safe environment. 7 Additionally, simulation provides a forum for standardized assessments that will be required in the Accreditation Council on Graduate Medical Education Next Accreditation System. 8 The evidence supporting simulation-based medical education has dramatically increased in the past decade. 9,10 A 2011 systematic review of health care simulation analyzed 609 studies and revealed that "technology-enhanced simulation training in health professions education is consistently associated with large effects for outcomes of knowledge, skills, and behaviors and moderate effects for patient related outcomes." 10 A pediatric specific analysis by Cheng et al 9 noted large effects in comparison with no intervention across 57 studies in pediatrics.
A previous survey of PEM fellowships' simulation use identified barriers including lack of simulation equipment, dedicated space, and faculty skill sets to implement effective simulation-based education. In 2008, 37% of responding PEM fellowships did not use high-fidelity simulation. 11 Regional "boot camps," 12 in-situ simulation, and faculty training were identified as possible solutions. This study aims to describe the current use of simulation and barriers to its implementation in PEM fellowship programs.
METHODS

Survey Development and Administration
A 50-question survey was developed by PEM simulation experts in collaboration with representatives from the American Academy of Pediatrics Section on Emergency Medicine Program Directors Committee. A group of PEM program directors and simulation experts used consensus methods to develop the survey, which was subsequently reviewed for face and content validity and pilot tested. The primary aim of this survey was to describe the use of simulation in PEM fellowships in the 2011-2012 academic year, including applications of simulation, barriers to its use and possible solutions. The goal of this survey is to inform future national efforts to develop PEM fellowship simulation. 
Survey Content
The survey (Supplemental Material) assessed the following: (1) current use of simulation including specific content areas such as medical decision-making, technical skills, and teamwork skills; (2) plans for future use of simulation; (3) simulation resource availability including curricula, equipment, trained faculty, and funding; and (4) barriers to use. The initial version of the survey was developed and substantially revised from on the previous survey from Eppich et al. 11 At the start of the survey simulation-based training was defined broadly to include a range of tools or techniques used to recreate reality, including the following: task or procedural trainers, simple mannequins that support bag-mask ventilation, highfidelity simulators that can be programmed to respond to medical interventions, and simulated patients (actors who portray patients or family members).
Data Analysis/Institutional Review Board
Responses were anonymous and data were presented in aggregate. Participation in the study implied consent. Baylor College of Medicine Institutional Review Board approval was obtained.
RESULTS
Sixty-nine out of 73 programs (95%) responded to the survey. Sixty-seven (97%) reported by using simulationbased training for PEM fellows, and the remaining 2 programs planned to begin in 1 to 2 years. Respondents highly valued simulation training, agreeing or strongly agreeing that they would allocate additional resources for simulation because it teaches procedural skills (96%), teaches complex medical decisionmaking (93%), improves ability to function as a team leader in multidisciplinary teams (92%), improves ability to assess competency leading resuscitations (92%), and improves ability to function as a team member in multidisciplinary teams (88%). Over one-third of programs revealed that their fellows spend more than 20 hours annually in simulation. Not all 67 respondents who use simulation answered all questions, perhaps due to the length of the survey. As such, the denominators in Tables 1, 2 , and 3 reflect the number who responded to each question.
Resources
PEM fellowship simulation activities are taught by a wide range of educators, most commonly including PEM, pediatric critical care, and general emergency medicine faculty (Table 1) . Funding sources vary with 21% having no funding and 57% not incurring direct costs to the fellowship program (Table 1) . Physical resources, including both simulators and simulation laboratory space, are widely available to PEM fellowships (Table 2) .
When asked which shared resources would be most useful in expanding simulation in their fellowship, validated procedural assessment tools were ranked most highly (69%), followed by a PEM major procedures curriculum (63%). More than 50% also identified the following as very useful: a casebased curriculum meeting PEM core competency requirements, casebased assessment tools, validated teamwork assessment tools, and faculty development tools. Availability of simulation experts for consultation was considered least useful; however, 39% still ranked this as extremely useful.
Applications Table 3 and Fig 1 illustrate specific uses of simulation in PEM fellowships. Although many programs currently teach a variety of procedures by using simulation, fewer programs have specific curricula or assessment tools for these skills. PEM fellows have also taken on the role as teachers using simulation (51/66 = 77%). Fellows incorporate simulation into teaching residents (96%), medical students (53%), nurses (47%), and other fellows (29%). Fellows have conducted simulation-based research as their scholarly activity at one-third of programs, and 56% of the programs perform simulation-based research within their division.
Curriculum
Although 97% of PEM fellowships use simulation, only 36% have formalized fellowship simulation curricula (Table 4) . Of those with a curriculum, 83% include overall goals and objectives for the fellowship, but only 9 (38%) have a teamwork and communication curriculum. In addition, 6 programs (24%) reveal having debriefing curricula. Although curricular integration is considered an important component of effective simulation-based training, 7 only 14 (58%) of PEM fellowships with simulation curricula reveal that their simulation curriculum is integrated into their overall curriculum.
Barriers
One-third of programs revealed that there were no barriers to simulation. The remaining programs noted barriers that included faculty protected time (49%), faculty experience with simulation (39%), support for nonphysician staff attendance (35%), lack of an established curriculum (32%), and the ability to schedule simulation center time (26%). Physical space for simulation (21%) and equipment (20%) were less commonly cited barriers.
Regional boot camps for fellows are used by 32% of programs, and 18% of programs hope to use them in the future. Twenty-nine percent are able to provide a local boot camp. Barriers to regionalization include financial support (26%), regional availability (29%), and clinical scheduling (15%).
DISCUSSION
Our results document the nearly ubiquitous use of simulation in PEM fellowships. This widespread use has also been noted in emergency medicine residency programs and neonatology fellowships. 14, 15 The 97% of programs using simulation in the current study is a substantial increase from only 63% of programs described in a previous study in 2008. 11 Compared with this previous study, the absolute number of programs using simulation has increased for each application since 2008. However, because of the larger denominator of programs using simulation in 2012, with a wider range of applications, the percentage of programs using each application has decreased.
PEM fellowships now use simulation broadly, to teach medical decisionmaking, technical skills, and teamwork and communication.
Simulation is also being employed as a tool to assess PEM fellow competency in both technical and nontechnical skills. PEM programs continue to value simulation for procedural training and increasingly recognize the value of simulation for complex decision-making skills and team training. Although respondents highly valued simulation because it improves teamwork skills (up to 92% for team leadership), 58% reported specific opportunities for teamwork or crisis resource management training. We hypothesize that this may reflect the multifocal nature of many simulation curricula, which often focus simultaneously on cognitive, technical, and behavioral skills. Thus, although teamwork may be an important objective in most team simulations, fellowship directors may not have reported it because it is only 1 part of a simulation focusing on medical or traumatic events. Although teamwork may be seen as important, it does appear that fewer programs have dedicated curricula, highlighting an opportunity for future curriculum development.
Current PEM fellowships reveal increased access to simulation space and equipment, including highfidelity mannequins. The number of programs with access to high-fidelity mannequins and simulation laboratories has substantially increased since 2008, when 74% of programs not using simulation revealed that lack of equipment was a primary barrier, and 68% revealed a lack of dedicated space. 11 Currently, 89% have a simulation laboratory at their institution. Ongoing limitations include the need for more faculty development and protected time, consistent with evidence from emergency medicine residencies. 15 Additional limitations include lack of written curricula and validated assessment tools. Simulation and educational experts must continue to advocate for simulation funding, including support for faculty time to rigorously develop, implement, and evaluate curricula and assessment tools. Incorporating the Accreditation Council on Graduate Medical Education competencies and milestones into these assessments would facilitate trainee evaluation in the Next Accreditation System. 8, 16 PEM is 1 of the first subspecialties to transition to the Milestones Project. The Milestones Project has involved PEM leaders identifying unique skills essential for achieving competence in their field. These subcompetencies are contained within 6 core competency domains common to all specialties and are not just skills or knowledge based. Simulation-based procedural training in PEM fellowships (n = respondents; % is percent of n respondents). BVM, bag-valve mask ventilation; CVL, central venous line placement; ETI, endotracheal intubation; IO, intraosseous placement; LP, lumbar puncture; UVC, umbilical venous catheter placement. 
CONCLUSIONS
Simulation is now ubiquitous in PEM fellowship programs and is being applied to a wide spectrum of training topics. The barriers to using simulation described in the past are decreasing and the use of simulation is increasing. Shared curricula and assessment tools, increased faculty and financial support, and regionalization for programs with less local resources could further ameliorate barriers to PEM fellowship simulation.
